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Abstract
Soil management and cropping systems have .long-Eerm effe rs on agronoin.ic and env.ironmental Freehoar, Thi.s study
examined the influence of contrasting management practices on selected soil chem.icai uroperties in eight long-term
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continuous corn than in corn—soybean systems, In

conflnuous cprn, more total C was lixed over time n hen

compared to a corn—soybean rotation,

Tillage can degrade soil qualits by mechanically

destroying soil aggregates and exposing protected soil

organic matter (SOM) to microbial attack, Tillage also

increases residue mixing with the soil, thereb enhancing

decomposition of both crop residues and native SOM.

Conversely, man studies have linked SOM increases in

no—ti1age (NT) to an altered surface sod environment that

favors slower SOrvI turnover and increased soil aggregation

and aggregatmassoc ated SOM relatis a to SOIl managed

with conventional (CON) ti.ilage.

For many vear:s. .iOSS of SOM in the Great Plains has

been associated with tiliage and summer fallow rnanage

menG. Wood et al,’ observed an increase in SOM at

the surface soil 0)—i 0cm) after 4 pears. h; changing the

management practice from til.led wheat—.fallow to Ni) and

reducing fallow frequency. In ge.neral, management to

reduce fallow freuencv accompanied with NT and

continuous cropping replenish.es SOME.

Recently, interest has tncreased in identifying indicators

appropriate for describing soil quality changes. Gregorich

et. al,C and Smith and Doran’° suggested that soil total •N

(TN), SOC. inorganic N, P. and K. soil pH. and electrical

conductivity (PC) are important measurements for assesar

ing chemical aspects of soil quality. Particulate organic

matter (POMP defined as a labile fraction of SOM. has also

been used as a sensitive indicator of management effects

on soil quality0.Cambardella and Elliott0 suggested that

decreased POM with increasing disturbance by tillage

accounts for much of the SOM lost with cultivation of

native sod. These chemical parameters as well as POIVI and

SOC are important measures of soil quality because

they provide indicators of soil nutrient supplsing capacity

(a critical soil function ‘w), soil structure, SOM dynamics.

and C sequestration.

The objectIve of this research was to assess the value of

POM, PC, pH., inorganic N. TN, and SOC as attributes for

comparing contrasting management practices over time in

established longterm cropping system studies in the Great

Plains and western Corn Belt. For each longterm study, a

comparison was made bets’. ecu a CON management system

that included fallow, tillage, andlor monoeropping, and

an alternative ALT management system that included

reduced. o.r co.nse.rvation t.ii.iagc’, reduced incidence of

fallow, and/or extended crop rotations over a period of

Materials and Methods

•Long4erm cropping system studi.es at eight •locations in

the Great Plains were used in this study, The locations were

near AAron, Colorado (CO) , Brookings, SD; Bushla.nd,

Te”ac ‘TX Fargo Nor Is Dakota ND) Slandan NI’)

Mead. Nebraska NEg Sidney, Montana MT and Swift

Current, Saskatchewan (SK). Canada. At each location,

plots representing the traditional CON management

practice were compared to an ALT management practice

(Table 1). Detailed information about soil characteristics

and management practices at each location is provided in

Varvel et al.°’.
To assess soil chemical properties. composite soil

samples were collected three times a year from three

replications of each treatment in CON and ALT systems at

each location. Soil samples were collected three times each

Table I. Conusaring management treatments aithin c-tAt long term einppne svsts’ms t’,eatnwnts selected at each stc- dif±ereuin

.managemncrst intensity asctauacterced i..’iy eIther type or frequency of hilage.. cropping i.ntensity, ,.nsd/or crop ovation diveratty and are.

termed conventional (CON) or alternative (ALT).

I.oeation,’soit series Ti’eahnent Crop sequence Tillage N rate’

Akroo, CO CON MW-F2 Sweep (fallow) Varied

Weld silt loam ALT MW--C--NI No Pile-c Varied

Brooking:s, SD CON C—C Chisel plow and disk High

Booms sands e’ag loans AlT C—SB—SW—N Chisel row ind disk 0

Bashiand, TX CON WA—SO—N No ntiaee N

Pullman silty clay loam ALT W—WW ho titlage 0

Fargo - ND CON DAZ_ P Pa II plo ‘s I)

Careo siltV erts ALT N, fr’—P No iiliawr ii

Mandan. NO CON SW—F Chisel plow and disk’ Medium

,st) I I ‘

I

Mead, MS CON C—C Tandem disk, So HON

Sharpshore silt’.’ clay loam ALT C--SB—SO—OCL Tandem disk. 2x High

Sidney, MT CON SW—F Tandem dt5b. 45 Pr, i-a

Vida toam ALP SW—SW No tillage 45 kg ha

S ft Cu ‘tnt SI’ CO s SW—t CE el plots md hats ow Varied

Swtnton silt loans ALT SW— L Chtsei plow and hatiow Varied

Varied, N (ettilicer appli cation rate hased on soil test results,

N
t

—
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eaeh site o-n each sam,.hng date. The actual mass of uyen-
dried soil and: the volume of soil collected (calculated
using the soil prnhe diameter. number of cores, ano depth
nc rnleYu’. wena used to eucuiate hulk uensiv . upon

colleemn.. samples were s.aseu in nuuhle—lned plastic bars
and placed in cold storage c/U C) until processing.

Samples were air-dried and passed through a 2-mm sieve
prior to analyses. Each site performed its analysis. So/il total
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The supemaataat seas filtered through Whaiaa;n ii tar paper
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soil : veater in the ratio i : l isv : ‘,
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delia et al.
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of C5% Na(N)C to 30 g of air-dr.ied sod in a screwwap

oIasl.ic vial \/ials were anppe•d and placed on a re.ciprncat

lag shaker overnight at 120 rpm. The contents ot each vial

were then transferred to a set of nested sieves havi.ng mesh

s: van cf 0.5 and 01.153 nun, where the material retained on

each sieve, was rinsed undi all material s.ma.ilcr than the

mesh size had been washed th.rough. The material retained

an each sieve was transferred into an alurncnum weirhnp

pan and dried to a constant eight at 5.5°C. The dried mass

of the 0.52.0 and 0.0530.5 mm fractions was recorded

to the nearest milliram. Loss—onhgnition (LOl) for the

total soil and POM was determined be mass difference after

4 h in a muffle furnace at 450°C. Ai.todried soil (5—l.0 g) was

used for LOT of total soil, 15DM associate.d with the tn.o

different si.ze fractions was calculated ash. g the equation:

initial mass mass oi’ the fraction
U

rng.POM g soi’l

POM as a percentage of SOM was calculated using the

epuation.

POM as Cfr of SOM

mg of the traction lost on igmtion

n1 of total soil lost on icuition

Da.t.a are reporter on a vol.itrn.ctric basis by adjusting data.
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comparisons as a tom .w-up for ane .sicnihcaat hndina.
The i a sets of art t a and meai separation d1i e C iCe

ware conducted Ar each site osing Proc Mixed i-n SAS’’,
Soil depths. ware riso analyaed indeoeadeatiy All re.s.oits
were considered tigni henotly different at P < 005 unless
noted c ‘therwise,

Results and Discussion

ivl.aivaremeat rearrients ..5H NtA.\, StjM
(hoth organic C am] Li)]), PAsS, L.C. and. pP; in the

in rneasnred eariahies in the 7.5 iS and 1
ic’rc-mc’nts x.aoa’ ies.s eamnion V .oo<. ea ann wEne.n prescott

re cacaos at locations is:herv the (7t1)N nil T difl7:red
in thiage intensi.ty (ISrook.ings, Paro, Mandan, and Plead).
Tamporal variation waa common ICr all measured variahies
in all depth increments and. at all ioc.atioas, A sign.ihaant
treatment hy doe interaction was i nfreqnently ohser’-;ed,
There were no consistent trends for the effect of time,
and the ohserved temporal variation was likely due to
ehanees in hulk densxiv IBDt amonri gross mc seasons.
BD 0—75cm deptht exhiLuted temporal sarxahrlrts at
Brook ne, Bos.hiand. Meal Sidoer and Son ft. Current
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Figure 4. Soil C: N ratio iu the (0-7,5cm dcpth as a tunction ot sam.phne ti.me (multiple yearsi under the conventional and aiternadve

manageiiient syste.aa at eight locations in the Great Plains. Bars represent. 1 SEM. 5-ampling times eortespond to preplant = 1, 4, 7. and

10; peak hiomass = 2. 5, 8. and ii: and post-Bareest = 5. 6, 0: sad 12.

e

season to ch.an.g.e. Many factors. can affect l3D measore—

ment. Eac-tors such as Soil svater content, soil compaction,

sampling method, and operator technique need to be

cc’osaterc.d aaa:oiinc tar BIT ‘T• s:.:r:ncç

131) i nat we oserned 01 this e.xocrtmcnt. at nm s::,(iLJ:si

t.ocatisns ss crc prooa(’iv dcc to the actors s

earlier and, in some cas:es, were artifac.ts of conditic’n

hy sampling technique interaction. in general, var.iation

exhibited by the measured variahles makes it impossible to

recommend a sin C best time to sample when assessinu

management impacts: on chemical soil prooerties. Dynamic

assessments are essential br separannti the effect of

management practices on soil properties frotss vadatioss

exhibited by these properties due to we;tther.

tlto 5cm p hI it kkton 00 Em s I—togs Stand o and

Swift Current (Fig. 2). TN in the OIT.5 cm depth exhifited

temporal variability at all 1 ocations e.xcept Maodan The

tensnorai cc, .erti cac,miv,ted IT TN ‘ oath treaonents at

S I 1

both treatments. I.t is conceivable that part o4 the variability

in TN measured is due to variability in BIT TN exhibited

temporal variability in the 7 .5IT 5 and I 5—SO ens depth

increments at all locations. Treatment differences. (avemageti

across all dates.l in he losm er two depths were observed

at Fargts 1 7 Mg N haw n the CON treatment \:ersus

2 MN IT’ m the ‘CT m satmect’ and aamb

Current (072 Mg N: hIT1 in the CON treatment vcrsns
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Figure 5. Relattonship beta em two nethud of easudne
organic niatte.r using soils from the 0—7.5cm depth from co.ntrast-
ing management systems at eight locations in the G..eat Plains,

L97Mg.Nha in the ALE. treatment) for the 7.5—15cm
increment and at Bushland (I 77 Mg N ha° it. the CON
treatment versus 2,03 Ma N inC in the ALT treatment) for
the 15—30cm increment. Higher TN in the ALT treatment
resulted from more intensive cropping accompanied by a
decrease in tiliage intensity or incalence of: fallow

Soil NO3N was highla dynamic throughout the sampled
profile with a significant effect of time at all locations,
Treatment by time interactions were also significant at all
locations except Swift Current, In addition to weather,
fertilizer additions of N and crop uptake contributed to the
temporal variability observed. Differences in crop rotation
and presence of fallow likely contributed to treatment
differences tdata not shown). Nitrate N is an important crop
nutrient and also has potential for contamination of su.rface
and ground water when transported in runoff or leaching,
Optimal N management requires that tesidual NO,Cf te
accounted for in maki.ng fertihzer recommendations and
that realistic yield roals be tn..-ed for deterniini.ng .apprcn
riate fdrtilizer rates.

SOC rs w ereat.e.r .rn the h—i A cm dept.h 01 me- AL .0
treatment than in the CON treatme.nt at Akron, Bushland,
Farco. and 5’ -‘itt Current. The. increase in SOC iii the-
(1—7,5 cm increment mum due to. reduced -titlave intensitr
Akrmn and Fargo, or to a re-duction in the incidence- of
tailor at Nina B ishland md Srrift urrcnt “he nni,

treatment detterence obsee’ued in the- ton or to o tar remenrs
occurred at Famgr (10.5 MgC ha in the (‘yIN’ treatment.
versus 23,2 Mg C ha’ in the ALT treatment) in the 7.5—

— Ia
SOC after ienposina NT and intensi me cropiriria in s-oil
previously managed with tillage unter wheatth’ailow
management. ‘temporal variation in TOC was observed at
Brookings. Bushlaud, Mead, Sidney, and Swift Current.
There were similarities between the two treatments in the
exhibited temporal pattern, suggesting that the source of the

emotion was I ncetr- -OOr’ Oust both itu’atn’en[S
tar’ Pig. 3 t. Apparentim. the vartarions in TOO for

both treatments at various sampline times. are an artifact of
RD or sampling procedure.

Soil C : N ratio tO—7.5 cm depth) was significantly
(P<0.05) affected by time escept at Sidney and Swift
(:urrent (Fin. 4 Temporal vanahility of C N ratio was
also observed at all locations except Akron and Swift
Current. The temporal pattern exhibited by’ C: N in both
treatments. at each location, was similar (except one
sampling time in Bushland, Fargo. and Swift Currenil.
suggesting that the temporal var’ ability obs.erved was likely
caused by something affecting both treatments. As with
BD. changes in soil C : N ratio are slov. to develop and mar

-

take years to manifest. Many factors can af-fdct C: N
me-as-urement: sampling proced-ure. grinding method.
sample n-e.ighmg accuracy, instrument sensitivity, and most
importantly the presence of plant residue-s. The reducti-on
in C : N ratio with CON tr-eatment in one sampling date
(Pitt. .L at Buhland and Farco a as robain due to

instrument :senst1vitv and.’or variability m measurement
technique.

When SCM was determined using LOT. treatment
differences were less frequently detected tha-n. with SOC.
with differences- ix. the 0--7.5 cm depth apparent only at
Fargo. Treatr-re-nt differences approached significance at
A.kron. Bushtareml, Mandan, and Sssift Current. While the
LOl method of determinin SONI appeai’s less sensitive,
there was a strong, correlation bet-ween to-tel organic carbon
(TOO mci organic matter measured ucint. LOl fT a 5’
Since the LOL method requires less’ sophisticated eqUip
ment, the strong correlation and the trend toward treat
ment differences suggest that this method ha,s merit for
monitoring long-term changes in SCM. in this study. C
lost using LOT methods represent 40% of SOC. which is
different from- the 58% traditionally used, but not un-usual.

Trearm et differences in SOC and TN were associated
weth dift’esences in tiliaste practices .e’1-v.-c-en the treatments,
This observation agree-:s with Hatvors-on ci ai,t 5 whcre an
inx-rease i-n SOC was observed as lilian-c inte-nsitv iece’emted
wttmn an anu.ua-i ee’oopinst system, lettuce redut-es SOC and
‘[pm’ by ire -reasing t’es-idue contact with soil nrie-:t-’obiai
populations, which enhance-s re-sidue oxidation and decom

- -.. tn-2t , . . -, -, ‘ , ‘ -1 a , C- _ r’

In-at, tim It-sr-c 0.t’t1-o at s sod erosion altO Ho:t’Or5t on of soil
structure due to dc--atmction of 5Oii aggregates and increased
soil coe-npaction. Conuerseis-’, NT increases SOC and TN’ in
the surface iniemet-nent when the soil is rn---n. disturb-ed and
rrr-,i-doe is not incorporated. With NT, soil water content
in nea-r-sur-iace soil te-nds to he grs-tater, resulting i-n a

or Coot anon-It’, mr taco to’ 0 to increase SO( -

and TA - Roots neat’ the ‘.ini surface also stabilize soil
aggregi tea by binding them together, thereby reducing the
erosion potential of the surface soil and its resident C anti
N’ Sut

There were no diffcrei-mces in TN (Fig. 2) and SOC
(Fig. 3) between the CON a-nd ALT treatments at

Ii oa — a
(‘ON te’eatrncnts acre tailed tiahie It, The tact that both
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